An improved method, microwave heating with direct chemical activation, was applied to prepare activated carbons from livestock sewage sludge (LCA) in the work. Preparation parameters' influences on iodine adsorption capacity and yield rate of the product were explored. It is found that the activated carbon activated by KOH has a higher iodine value compared to that done by zinc chloride and H 3 PO 4 .These ideal activation conditions are attained: microwave power, 480W; radiation time, 14min; the KOH concentration, 10mol/L. Under these conditions, the activated carbons' BET surface area is 684.65m 2 /g, the iodine value is 721.64mg/g, and the yield ratio is 25.71%. Other physical properties are also reported. Then the activated carbon made under the ideal conditions was used to treat livestock sewage. When the dose of activated carbon is 0.4g/L and the absorption time reaches 3h, this product can promote obviously the removal of chemical oxygen demand (COD), odor and chroma.
Introduction
As a kind of main wastes after sewage treatment, the volume of livestock wastewater sludge accumulated quickly with the rapid expansion of livestock and poultry breeding (Xu et al., 2004) . Moreover, the volume of excess sludge is usually for less than 1% of the sewage's volume (Fang et al., 2011) , but cost of sludge disposal could surpass more than 50% of the total sewage treatment's operational expenses (Li, 2010) .
Some traditional methods, such as incineration, farmland utilization, landfill, etc, have been used to utilize or dispose sewage sludge (Chen, 2012; Qi, 2012; Huang et al., 2012; Zhang et al., 2011) . But they have their shortcomings, e.g., incineration can release some harmful gases and pollute the air (Qi, 2012) . Thus, it is necessary to further research other recycling technologies for sewage sludge disposal (Li, 2011) . Due to its high content of organic matters, sewage sludge can act as raw material to prepare activated carbons. In recent years, A lot of relevant researches have concentrated on urban sewage sludge (Huang, ). But few researchers pay attention to the fabrication of activated carbon using livestock wastewater sludge through microwave heating. Livestock wastewater sludge has plentiful organic matters, and thus can act as a potential raw material for preparing adsorbent.
Chemical activation could control flexibly products' surface area and pores' structure. Microwave heating is more rapid and efficient during the heating process, and pore structure of products is more equally distributed compared to the traditional heating (Abais and Valente, 2004; Ai et al., 2009) . In this study, livestock sewage sludge was used to make the activated carbon by microwave heating with three different kinds of activator for exploring the optimal process parameters, and then this carbon prepared under the optimal conditions was applied to treat livestock sewage so as to test its role. This work could provide a beneficial reference for the reuse of livestock sewage sludge.
Materials and methods

Materials
The livestock wastewater sludge came from the livestock sewage treatment plant of Sichuan Agricultural University, located in Yaan City, Sichuan Province in China. The fresh sludge needed firstly drying at room temperature about three days, then heating at 75 for 4h to keep weight unchangeable, finally comminuting and sieveing to attain a closely graded size between 0.25 and 0.83 mm. Constituents of the dried raw material see Table 1 . Its chemical element compositions include Carbon (34.25%), Hydrogen (4.65%), Nitrogen (3.64%) and Sulfur (1.27%). KOH, H 3 PO 4 and ZnCl 2 with analytical grade acted as activating reagents. High purity nitrogen with concentration of 99.99% was adopted to create the oxgen-free atmospheric environment. The research of Li et al (2008) provided a reference for the heating system of the work. 
Preparation of LAC
In every batch of experiment, 15.0 g dried sludge was added into 20ml different activator solutions with different concentrations (6, 8, 10 , 12mol/L), respectively. After stirring, these mixed solutions were kept at the temperature of 298 K for 24h so as to realize impregnation of different compositions, and then they were dried at the temperature of 378 K for 4h. Nitrogen gas was used to purge air in the quartz tubes installed in the closet of the microwave oven according to a constant rate of flow before the microwave heating process starting and after the dried mixing materials were transferred into quartz tubes until the whole preparation process ended up. During the microwave activation experiments, the power increased gradually from 400 to 520 W with an interval of 40 W, and the radiation time varied between 10 and 16 min with an interval of 2 min. The cooled activated materials were cleaned repeatedly using hydrochloric acid with volume percentage of 50% and distilled water in order to make the pH values of their filtrates reached 7.0, and next baked them using the temperature of 378 K so as to keep their constant weight and obtain LAC. The yield (Y) can be computed using the following formula:
(1) Where, M is the mass of the products and M 0 is the mass of the raw materials, unit: g.
Characterization of LAC
Adsorption ability of LAC was quantified by iodine as adsorbate according to the reference . The iodine value at the temperature of 298 K was attained using the standard method (GB/T12496. . Next the samples were dried overnight at the temperature of 378 K under vacuum, and then the surface physical morphology of livestock sewage sludge and LAC was identified by scanning electron microscopy.
The activated carbon's surface area and pore structure were tested by N 2 adsorption at 196 °C through QUADRASORB SI automated surface area and pore size analyzer. BET method quantified the surface area and pore scale distribution.
Fourier Transform Infrared spectroscopy (FT-IR) technique distinguished the functional groups on the surface of livestock sewage sludge and LAC. AVATAR 360 and FT-IR spectrophotometer were used to record FT-IR spectra.
Experiments treating livestock sewage
The livestock sewage came from the aeration tank of the livestock sewage treatment plant in Sichuan Agricultural University. The related water quality was listed as follows: COD, 192mg/L; pH, 7.5; the chroma, about 100; having odor. The LAC prepared under the optimal conditions acted as an absorbent, and dose of LAC and adsorption time were consider in this static experiment. A certain dose of LAC was added to 100 ml livestock sewage. The mix solution would stand some time after being mixed at the temperature of 298K, and then it was filtrated by filter paper. The COD values were tested according to the Standard Test Method (GB/11914-89).
Each experiment was repeated three times to confirm the accuracy of the experimental results. Each final experimental date was the mean value of three independent results and the error ranged between -4% and 4%.
Results and discussion
Preparation of LAC
Influences of activating agents on iodine adsorption ability and the LAC's yield
As shown in Table 2 , H 3 PO 4 wasn't suitable for acting as the activation agent of the raw material, and ZnCl 2 was more expensive than KOH although it could act as the activation material. According to the processing cost, the iodine value and the yield of product, KOH is the most suitable activation agent. Thus KOH acted as the activation material in the following experiments. 
Influences of microwave radiation time on preparation of LAC
Influences of microwave radiation time on the adsorption ability and the LAC's yield were assessed through keeping microwave power 440W and the concentration of KOH solution 6mol/L. As given in Fig.1(a) , the iodine adsorption capacity of LAC increased from 515.47 to 608.52 mg/g when microwave radiation time ranged between 10 and 14 min. However, it decreases to 544.18 mg/g from 608.52 mg/g when the MW radiation time exceeded 14 min. As for the yield of LAC, it gradually decreased when microwave radiation time was extended. This is because the degree of activation depends more on microwave radiation time than the activation agents' concentration. When the radiation time keeps below some threshold, a lot of active sites and pores are formed on the surface of raw sludge material. And thus the adsorption capacity of LAC can be improved when microwave radiation time is prolonged. But when microwave radiation time exceeds the threshold, some pores of carbons will disappear due to high temperature, and this reduces the iodine value and the carbons' yield (Li et al., 2008; Deng et al., 2009 ). According to the iodine adsorption ability and the LAC's yield, the favorable microwave radiation time is 14 min.
Microwave radiation power's influences on LAC's preparation
Under these conditions of microwave radiation time 14min and the concentration of KOH solution 6mol/L, influences of microwave radiation power on iodine adsorption ability and the LAC's yield were investigated.
When microwave radiation power ranged between 400 and 480 W, the LAC's iodine value was enhanced to 675.77 from 507.72 mg/g ( Fig.1(b) ). When microwave radiation power increased to 612.65 from 675.77 W, the iodine number of LAC decreased. The yield of LAC decreased mildly with the increase of microwave radiation power to 480 W from 360 W; however, it was reduced quickly once microwave radiation power surpassed 520 W. The more and more active sites and pores on material will be formed with the increase of the power level because the higher energy is offered to it. When microwave power reaches a threshold, superfluous energy will burn off some carbon and then changed the structure of pores (Deng et al., 2010) . As a result, the microwave radiation power level should be keep at 480W.
Effects of activator concentrations on preparation of LAC
Effects of activator concentrations on iodine adsorption ability and LAC's yield were explored through keeping microwave radiation power480W and radiation time 14 min. With the activator concentration being raised to 12 mol/L from 6 mol/L, LAC's iodine number increased, and finally it reached peak value (i.e., 721.64mg/g) when the activator concentration arrived at 10mol/L (Fig.1(c)) . Thereafter, the iodine number declined with further increase of the activator concentration. This could be explained as follows: on one hand, KOH has a catalytic effect on the oxidation reaction in the pyrolysis process because it is a type of strong base. KOH can react with hydrocarbon an d microcrystalline carbon, which can form some pore. With the extension of activating reaction, the formed pore will be widened, so the number of micropores decreases and the numbers of mesopore and macropore increase. On the other hand, when the activation temperature exceeds KOH boiling point (762 ), elemental potassium will vapor and diffuse to carbon layer, which can promote the formation of pores. In addition, some scholars think that CO 2 , H 2 O and K 2 CO 3 can be generated in KOH activating reaction at 500 ; the formed K 2 CO 3 can be decomposed and then release CO 2 when the temperature is higher than 700 , which can promote the further activation effect of CO 2 and generate new micropores (Deng et al., 2009 ).
The optimal experimental conditions for preparing the LAC
From the presented results above, the optimum conditions for preparing the LAC are summarized as follows: the microwave radiation time, 14 min; the KOH concentration, 10mol/L; the microwave radiation power, 480 W. Under these conditions, the iodine number and the yield ratio of the LAC are 721.64mg/g and 25.71%, respectively. The BET surface area reaches 684.65m 2 /g. Though the iodine number of the LAC is lower than that of the carbon derived from domestic wastewater sludge (Wang et al., 2009 ), the adsorption ability of LAC is still acceptable due to the particularity of the livestock sewage sludge. So the activated carbons attained under these conditions were applied to the following experiments. 
Characterization of LAC
SEM analysis of dried-sludge and LAC
As shown in Fig.2 , the external surface of the optimal LAC had more pores than the dried-sludge. These pores were shaped through the activation process and they had decisive effect on the adsorption capacity of LAC. 
The surface area analysis and pore structural characterization for LAC
The adsorptive ability of activated carbon is connected closely with its own surface area, which depends on pore amount and pore scale distribution. With increase of the activated carbon's surface area, its adsorptive ability is enhanced. The BET surface area of the optimal LAC reached 684.65 m 2 /g. BJH method and HK method of adsorption isotherm were adopted to investigate its pore size distribution. Fig.3(a) showed that the porous structure of the optimal LAC mainly was composed of mesoporous and macropore. The average pore diameter was 38.20 nm. 
Function groups analysis for dried-sludge and LAC
As represented in Fig.3 (b) , the absorbance spectral line showed several peaks near 3410, 2856~2927, 1613, 1416, and 1057 cm 
Adsorption capacity of LAC to livestock sewage
Influence of adsorption time on removal of COD
When keeping pH 7.5, COD value of inflow 192mg/L, and the dose of LAC 0.1g/L, the removal rate of COD increased rapidly when the adsorption time was prolonged to 3 h from 1 h, and finally it kept almost no changes after adsorption time exceeded 3h (Fig. 4(a) ). Therefore, the optimal adsorption time is 3h.
Influence of LAC dose on treatment results of livestock sewage
Under the condition of the absorption time 3h, the removal efficiency of COD rose rapidly when the LAC dose was raised to 0.4 g/L from 0.1 g/L (Fig.4(b) ). This could root in the increase of available adsorption sites' number when the adsorbent dose rises (Garg et al., 2003) . However, after LAC dose arrived at 0.4 g/L, the removal rate of COD had no obvious changes due to the mutual screen between excess carbon particles (Zhang et al., 2007) . The mutual screen can reduce adsorption ability because some adsorption sites on carbon particles contact one other. Meanwhile, the chroma of livestock sewage was reduced to around 20, and the sewage had no obvious smell after this adsorption. 
Conclusion
The optimal activation conditions are follows: microwave power, 480W; radiation time, 14min; the KOH concentration, 10mol/L. Under these conditions, the iodine number, the yield ratio, and the BET surface area of the LAC are 721.64mg/g, 25.71%, and 684.65 m 2 /g, respectively. The porous structure of LAC is mainly composed of mesoporous. The LAC can act as one of effective absorbents for treating livestock sewage. Therefore, it is feasible to prepare activated carbon from livestock sewage sludge by microwave heating.
